The paper deals with the problem of sensitivity analysis of linear inverse models to parameter uncertainties. A new procedure is proposed to calculate symbolically the sensitivity matrix of a MIMO model using the sensitivity bond graph, bicausality and the Mason's rule. An implementation on a mechanical model shows the interest of the method.
INTRODUCTION
The sensitivity study was initiated by (Tomovic and Vukobratovic, 1972) and (Franck, 1978) . Sensitivity analysis allows the quantification of the influence on a model of a change in any of its components (Marshal 1999 , Middleton 1990 ). It may be of high importance for designing and controlling systems (Hayward and Cruz-Hernandez, 1998) . Some papers deal with such a problem by using a bond graph approach (Gawthrop 2000 , Kam and Dauphin-Tanguy, 2001 , Borutzky et al, 2003 . The input-output relation in the linear case is written using the transfer matrix )) ... [ Canabellas et al, 1995] and [Gawthrop 2000 ] defined the sensitivity bond graph, denoted by SBG, obtained by duplicating the initial bond graph (BG) and introducing the SBG of the uncertain element. The association BG+SBG can be drawn in a BG related software and simulated. For symbolic manipulation purpose, or for analysis with a non BG simulation software, a method based on the Mason's rule (Brown 1972) was proposed in (Kam and Dauphin-Tanguy, 2001 ) to derive directly in the SISO case from the BG+SBG.
The inverse model is used for the designing of control laws for disturbance rejection and trajectory tracking as shown in figure 1 , where d and y 
The performance of the control will depend on the validity of the model, and on the robustness of the control law with respect to parameter uncertainties. An other application of the inverse model is for the dimensioning problem in system design (Nwompo and Scavarda, 1999) . The study of the sensitivity of the inverse transfer matrix to parameter uncertainties is then a crucial problem. No paper in the literature at our knowledge until now deals with such a study. In the first section, we recall on a simple example how to derive the sensitivity function of the direct model from the sensitivity BG. Then we propose a new procedure, based on the bicausality applied to the coupling BG+SBG to obtain the sensitivity function of the inverse model. It is implemented on a 2 input-2 output mechanical system, with two different sensor placements.
SENSITIVITY BOND GRAPH
Consider the DC motor given figure 2, and its bond graph model with a preferred derivative causality (BGD). Figure 3 shows the BGD+SBGD structure in the general case. , which leads to
The corresponding BGD+SBGD is given in figure 4 . 
The causal loops are the same in the BGD and in the SBGD, they are disjoint, which involves the expected square power at the denominator .
The (BGD+SBGD) can be simulated directly using a BG related software or with equation (5) using a mathematical simulation software as Matlab-Simulink.
Using 20-Sim software, the Bode plot of drawn with the numerical values of Table 1 and given in figure  5 shows that the sensitivity of F to parameter b uncertainty is decreasing for frequency higher than 10 Hz excitations. 
INVERSE MODEL
Let us denote by BG* the BG of the DC motor with a bicausality assignment (Gawthrop, 1995) as shown in figure 6 . In the SISO case, the model is always invertible. In the MIMO case, (Nwompo et al, 1997) defined criteria, based on graphical procedures, to test the invertibility of the BG. 
INVERSE MODEL SENSITIVITY BOND GRAPH
Writing the partial derivative of the inverse model with respect to parameter ) The numerator can be composed of only three different types of terms depending whether the uncertain parameter belongs to the I/O causal path or to a causal loop: The model of the system given in figure 8 has the following structural properties: -its order is 5 (from its BGI), and the rank of the state matrix is 4 (from the BGD where I:m 2 remains in integral causality), which corresponds to a null pole in the denominator -it is structurally observable by the detectors, because the dualisation of one of the Dfs in the BGD allows the change of integral to derivative causality for I: m 2 (Sueur and Dauphin-Tanguy 1989) -it is structurally invertible (from the BGI) because there is a unique choice of two disjoint I/O causal paths. 
The BG*+SBG* is given figure 11. 
CONCLUSION
The symbolic calculation of the sensitivity function of a transfer matrix is a heavy and unpleasant task, when done by hand, even for quite simple models. The complexity increases a lot when the aim is to study the sensitivity function of the inverse model, which involves matrix inversion. The calculation by means of symbolic software as Maple or Mathematica can be also long and even unsuccessful.
The bond graph, through its causal and graphical properties, may help the user to derive systematically and directly the desired sensitivity function. There is no need to firstly calculate the direct model, and to inverte it. Only graphical procedures are used.
The proposed approach was implemented on a 3 DF mass spring damper system of 5 th order. For medium or large size BG models, it will need the use of software able to assign bicausality and to show up causal paths and causal loops, such as MS1 developed by F. Lorenz.
The interpretation of the entries of the sensitivity matrix in terms of causal path and causal loop gains can be an helpful mean for sensor placement analysis with the objective of finding the less sensitive to a parameter uncertainty sensor positions according to the frequency domain of interest. It is the direction we will take for future work.
